Abstract -The aim of this work was to evaluate the association between milk flow, teat morphological measurements and subclinical mastitis prevalence in Gir cows. Eighty cows in the 2 nd and 3 rd lactations, with 90 to 200 days of lactation, were divided according to milk flow during milking into fast or slow groups. Teat morphometry was assessed by ultrasound scanning of the right anterior teat and external measurements. Milk samples were collected for somatic cells count (SCC) and microbiological culture. The effect of milk flow during milking was evaluated by analysis of variance of milk yield, SCC, morphometry and external measurements. The association of morphometry and external measurements of the teats with the SCC and microorganisms found in milk were analysed. Milk flow was significantly correlated to milk production. Gir cows with slower milk flow had longer teat canal and greater milk yield, in comparison to cows with fast milk flow. Teat-end to floor distance influenced SCC of Gir cows. Prevalence of subclinical mastitis and the type of mastitis-causing pathogens were not affected by milk flow during milking.
Introduction
Among dairy breeds, Gir cows represent an important percentage of Brazilian dairy cattle herd mainly because of its high adaptability to the tropical climate and the production systems. The morphophysiologic characteristics -capacity and udder support, pigment of external layer, thermoregulatory capacity, aplomb and strong feet, good feed conversion and reproductive efficiency -allow of a satisfactory performance as a pure breed or as crossbred with European breeds to improve the productive performance in the tropical areas (Souza et al., 1996; Madalena & Trivedi, 1998) .
The studies of milk flow patterns provide important information about the cow's responses to milking in different situations, such as the udder health state (Pérez-Guzman et al., 1986; Naumann et al., 1998) and the inefficiency in milk ejection (Tancin & Bruckmaier, 2001) . Tancin et al. (2007) studied the milk flow and its variations during lactation and observed influences in the somatic cell counts (SCC), as much as the udder as the individual teats. Generally, a SCC threshold of 200,000 cells mL -1 are recommended as the limit to separate uninfected mammary quarters from the infected ones, to decrease the occurrence of false-negative and false-positive results (Schepers et al., 1997; Djabri et al., 2002) . Using 200,000 cells mL -1 SCC threshold, Schepers et al. (1997) found 74% sensitivity and 89% specificity in Holstein cows. Anatomical characteristics of teats have positive correlation with milk flow rate during milking that could be used for precocious identification of udder health problems which could increase the risks of mastitis (Tancin et al., 2007) .
According to Norman et al. (1988) , anatomical characteristics of dairy cattle are not equal for all breeds, in a way that the udder and teat morphology could favor an individual performance or a determined breed. Due to these differences, some anatomical measurements of mammary glands, obtained by ultrasound, have been used in research with dairy herds (Bruckmaier & Blum, 1992; Ayadi et al., 2003) . The ultrasonography technique used for udder and teat cisterns studies appears as a minimally invasive tool (Porcionato et al., 2005) and result in important information for genetic selection, for supporting the decision of adequate management to be adopted (Schutz & Pajor, 2001 ) and for mastitis prevention (Klein et al., 2005) . Udder depth and teat length measurements have a narrow relation with mastitis resistance (Klein et al., 2005) .
The studied hypothesis was that the teat morphology of Gir cows influences the prevalence of subclinical mastitis.
The objective of this work were to evaluate the association between teat morphology and milk flow during milkings and prevalence of subclinical mastitis in Gir cows.
Materials and Methods
The experiment was carried out at Instituto de Ciência Animal (IZ/APTA), Mococa, São Paulo state, Brazil, and at Empresa de Pesquisa Agropecuária de Minas Gerais (Epamig), Uberaba, Minas Gerais state, Brazil. Experimental procedures were approved by the Institutional Animal Care and Use Committee, Memphis, USA. Eighty Gir cows were used as experimental animals, with second or third lactation, averaging milk yield of 7.2±0.3 kg per day and between 90 to 200 days in milking, were sampled during eight months, in the total of 640 measurements.
Cows were sorted according to the milking time and milk yield, divided into two groups according to the speed of milking: fast flow (FF) and slow flow (SF). Cows with milk flow greater then the average milk flow in all animals of 26.3 mL s -1 of milk, were assigned for the fast flow group, while lower-milk flow animals were considered for the slow-flow group.
Cows were handled in tropical pastures, with free access to water, and fed a concentrate according to their state of lactation. Milking was carried out at 6h and 16h, following the standard sequence of procedures: calves stimuli, strip cup test for clinical mastitis diagnosis, pre-dipping, drying of teats with paper towel, teat cups attachment, withdrawal after milk flow end, and post-dipping. Before the onset of milking, cows were kept in a shaded waiting area with natural ventilation. A tandem parlor with six stalls at each side of the pit was used. The following milking machine parameters were constantly set throughout the experiment: vacuum 45 kPa, pulsation ratio 60:40 and pulsation rate 60 c min -1 . Temperature and relative humidity were monitored on the days of measurements, remaining in the range considered of thermal comfort for dairy cows (temperature humidity index (THI) < 72) according to Silva et al. (2009) .
Individual milk yield and milk flow were monthly measured and milk samples were collected monthly from all mammary quarters for somatic cell counts (SCC) and microbiological culture. Cows were considered with subclinical mastitis, when SCC was above 200,000 cells mL -1 and with positive pathogen isolation (Schepers et al., 1997; Djabri et al., 2002) . Clinical cases of mastitis were defined by the presence of abnormalities in milk, which were suggestive of inflammation of the mammary gland, such as flakes, clots, or other unusual aspect. These samples were not used for analysis of SCC. Samples for microbiological culture were aseptically collected during morning milking, and bacteriological procedures were performed according to the National Mastitis Council (1999). Briefly, from each sample, 0.1 mL of milk was plated on blood agar (one plate per cow) and incubated aerobically for 24 hours and 48 hours at 37°C. A quarter was considered culture-positive, when growth of at least one colony was detected. Samples yielding more than two different bacterial species were considered to be contaminated. Bacteria were identified based on colony morphology and Gram-staining. For Gram-positive cocci, catalase tests with hydrogen peroxide (3%) were used to differentiate between catalase-positive staphylococci and catalase-negative cocci. Coagulase test was carried out using sterile rabbit plasma to distinguish Staphylococcus aureus (coagulase-positive) from non-aureus staphylococci, referred to as coagulase-negative staphylococci. Streptococci were subdivided into aesculin-positive cocci and aesculin-negative cocci (Streptococcus agalactiae and Streptococcus dysgalactiae). CAMP-test was used to differentiate S. agalactiae from S. dysgalactiae. Cultures with more than one species of bacterium isolated were excluded from data analysis.
Ultrasound technique was based on procedures described by Porcionato et al. (2009) . Ultrasound images were only obtained in the right anterior mammary gland, as Ayadi et al. (2003) , which showed a high correlation between measurements taken in the four glands and teats. The calves of Gir cows were prevented from sucking on the anterior right teat prior to ultrasound measurements. Images were scanned using an ultrasound DP 2200VET (Mindray, Shenzhen, China), with a linear transducer (3.5 MHz) cranially positioned directed to the teat. The teats were submerged in a water-filled recipient during the ultrasound scanning, according to Porcionato et al. (2009) .
In order to obtain sharper images, the way of contact for ultrasound transmission was in the form of gel Carbogel ULT (Carbogel Ind. e Com. Ltda, São Paulo, SP, Brazil) between the transducer and the water-filled recipient. The measurements of the teat parameters taken from ultrasound images were analyzed in duplicate using Eview software, Echo Image Viewer, version 1.0 (Pie Medical, Indianapolis, IN, USA).
The teat morphometry of Gir cows was evaluated by external measurements of conformation: teat-end to floor was considered the distance (cm) between the teat-end and the floor, forming an angle of 90º with the floor measured with a tape measure. Teat length was considered the distance (cm) between the teat insertion in the udder and the teat-end measured with a tape measure. Teat diameter was measured in the middle of the teat with a caliper.
The experimental design was completely randomized, with two groups according to milk flow (fast or slow) evaluated during eight months of lactation. The effect of teat morphology on SCC and on pathogen type was evaluated. The PROC GLM (SAS Institute, 2001) was used for data analysis of variance by means of ANOVA, based on GLM models. Effects were separated by Tukey test. All values were given as the mean±one standard error of the mean (SEM). The relationship between morphological characteristics of teats, SCC and pathogen type was evaluated by Pearson correlation coefficients. Significance level was stated at 5% probability.
Results and Discussion
There were significant differences between groups for milk yield and teat canal length (p<0.05) ( Table 1 ). In cows with fast milk flow, teat canal lengths were smaller. Milk flow was significantly correlated with milk yield (r = 0.53, p<0.001). There was no difference in teat wall thickness between groups, but the correlation with the teat canal length was positive (r = 0.38, p<0.001). The other correlations between milk yield characteristics and teat morphometry were not significant.
There was a negative correlation between SCC and teat-end to floor distance (r = -0.34, p<0.001). However, there was no significant correlation (p>0.05) with the other morphological parameters.
Some authors observed that teat length and diameter have an important role in mastitis prevention, since the greater the teat canal length is, the more pronounced will be the cap of keratin which acts as a natural barrier, preventing teat contamination against mastitis-causing pathogens (Paulrud & Rasmussen, 2004; Klein et al., 2005) . These authors suggest that the teat characteristics of Gir cows are related to higher natural barrier of protection against mastitis-causing agents. In the present study, the animals came from research institutes that have been implementing genetic selection programs of the herds, which may reflect in more homogeneous mammary glands and similar milk yield potential. These factors could influence teat morphology (Ayadi et al., 2003; Thomas et al., 2004) . There were no observed differences between groups (p>0.05) for teat-end to floor distance and teat length and diameter (Table 2 ). However, negative correlations were observed between teat-end to floor distance and teat length (r = -0.38, p<0.001) and teats diameter (r = -0.30, p<0.001). Correlation was positive (r = 0.70, p<0.001) between teat length and teat diameter. Coban et al. (2009) observed a positive, despite low correlation between teat diameter and mastitis. An increase in mastitis incidence, with an increase in teat diameter had already been observed by Chrystal et al. (1999) and Kuczaj (2003) . The same authors found no correlation between teats length and SCC (p>0.05). However, Shook (1989) reported that an increase in teats length also increased the predisposition of cows to mastitis.
In the literature, significant correlations between udder and teat characteristics and SCC are described. As an example, it could be mentioned the relationship between small udders and low SCC. Moreover, deep udders, which imply in a low teat to floor distance, are related to higher SCC (Rogers et al., 1991; Faye et al., 1998) and with a higher risk of subclinical (Ronningen & Reitan, 1990) and clinical (Slettbakk et al., 1995) mastitis occurrence.
Considering the ranges of SCC studied, no influence on milk yield and milk flow were observed (p>0.05) ( Table 3 ). According to Sandrucci et al. (2007) , a longduration milk flow has a positive correlation with SCC. This correlation was observed for either individual quarter or whole udder (Dodenhoff et al., 1999; Tancin et al., 2002) . This relation is mainly linked to the unnecessary increase of time that the machine takes to perform milking, causing edema and influencing the health condition of teats (Hillerton et al., 2002) .
Prevalence of the mastitis-causing agents was evaluated for each type of microorganism isolated in milk samples, and also for pathogen group: major and minor pathogens (Table 4 ). The type of mastitis-causing organism did not affect milk yield and milk flow (p>0.05). However, infected quarters with S. aureus and Corynebacterium spp. had higher log SCC (5.30 and 5.15, respectively) compared with uninfected quarters (4.48). However, when classified by group, major pathogens were more frequently isolated in In the studies of Schepers et al. (1997) and Riekerink et al. (2007) , mammary quarters infected by major pathogens showed an increase of SCC greater than those infected by minor pathogens. According to Reneau (1986) this variation is associated with differences in the magnitude of cellular response and duration of intramammary infection.
Conclusions
1. Gir cows with longer teat canal have slow milk flow during milking.
2. Among the evaluated udder and teats morphometric characteristics, only the teat-end to floor distance is related to somatic cell counts (SCC) of Gir cows.
